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(Tide of the Invention) Engine exhaust purifying device 

(Abstract) 

(Object) To adsorb initially in an adsorbent imhnrnt hy dr ocarbons which are 

discharged in large quantities on engine start-op, end to be able to raise the 
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lanpera a jre of a catalyst rapddly up to its activation temperature, before the 
hydrocarbons ate deserted from the adsorbent. 

(Composition) Acamlyst 5 having high carbon monoxide combustion activity 

is provided between an adsorbent 3 in an exhaust passage 2 and an exhaust-purifying 
candyst 4 on me downstream side of the adsoAent 3. ami cari^ morioxide that has 
passed tteough the adsorbent 3 is catalyri^ 

of the exhaust-purifying catalyst 4 and causing it to teach its activation temperature. 
(Advantages) Since the exhaust-purifying catalyst reaches its activation 

tonpaatuie before the unbumt hydrocarbons stan to be desorbrf 
highly efficient purification of unbumt hydrocarbons is possible, and reductions in 
the amounts of Irydroeorbon* discharged externally can be acbieved^^^ 

(jro^Z> ■ ' 

(Claims) 

(Claim 1) in an engine exhaust purifymgdev*^ 

catalyst is provided in the exhaust passage of anengine and anadastn^is provM 
«« the upstream side of the said exhaust-inn^ 
pnrifymg device characterised w 

combustion activity is provided betw een the aforementioned exh^purifying 
catalyst and^ aforcmsmioncd adsorbent, and carbon monoxide is burnt by the 
aforem e nti oned catalyst having high carbon monoxide combustion activity, 
promoting temperature rise in the aforementioned exhanst-ptmfying catalyst and 
causing it to reach its activation temperatme. 
(CUum2) in die engnw exhaust purifymgdevi« 

exhaust purifying device characterized in that a catalyst havin g high carbon moaoxide 
combustion activity is contained in the afcaementic^ exhaust-pinifying catalyst. 
(Claim 3) fame engine exhaust purifying device described in Claim 2. ao engine 
exhaust purifying device characterized in that one portion of the upstream side of the 
aforementioned «xhanst-pimfving catalyst is a catalyst having high carbon monoxi de 
combustion activiiy. 

(Claim 4) In ihc engine exhaust purifymg device described in Claim 2. an engine 
exhaust purifying device characterized in thai the aforementioned exhaust-purifying 
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catalyst lias a multi-layer structure whereby a layer of a catalyst having high carton 
monoxide combustion activity is provided in a direction parallel to the e xhau s t flow. 
(ClaimS) In the engine exhanst purifying device described in Claim 1, an engine 
exhaust purifying device characterized in trial an air supply device is provided on the 
upstream side of the aforementioned catalyst having high carbon monoxide 
combustion activity and air causing the carbon monoxide to oxidize is supplied by 
means of the said air supply device. 

(Claim 6) In the engine exhanst purifying device described in Claim 5, an. 
engine exhaust purifying device characterized in that the aforementioned air supply 
device is provided on the upstream side of the adsorbent. 

(Claim 7) In the engine fx!™™* purifying device described in Claim 1, an engine 
exhanst purifying device characterized in that a carbon ncK> noxid e sensor and a n 
oxyg en secscg are provided on the upstream side of the aforementioned catalyst 
having high carbon monoxide combustion activity, and oxygen is sappKed tothe 
aforementioned catalyst having high carbon monoxide combustion activity in 
response to signals from these sensors. 

(Claim 8) In the engine ^ttarmr purifying device desc ri bed in Claim 1, an engine 
exhaust purifying device characterized in that an oxygen sensor is provided on the 
downstream side of the aforementioned catalyst having high car b on monoxide 
co m b u stion activity, and oxygen is supplied to the aforementioned catalyst having 
high carbon rnonccride combustion activity in response to signals for the said oxygen 
sensor. 

(Claim SO In the engine exhaust purifying device described in Claim 1. an engine 
exhaust purifying device characterized in that, until the aforementioned exhaust- 
purifying catalyst reaches its activation temperature* the air-fuel ratio in the engine air 
supply is controlled such that it is fuel rich to raise the carbon monoxide 
concentration in die exhaust gas, thereby increasing the carbon monoxide combustion 
heat of the catalyst havingjtigb carbon monoxide comb u stion acti vity arid s hortening 
the time taken for the exhaust-purifying catalyst to reach its activation temperature. 
(Claim 10) In the engine exhaust purifying device described in Claim 1, an engine 
exhaust purifying device characterized in that die aforementioned catalyst having 
high carbon monoxide combustion activity is provide wijb. hearing means, and the 
aforementioned catalyst having high carbon monoxide combustion activity is heated 
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by the aforementioned heating means until the temperature at which carbon monoxide 
combustion commences. 

(Claim 11) In the engine exhaust purifying device described in Claim 10. an 
engine exhaust purifying device characterized in that the aforementioned heating 
means involve electrical heating . 

(Claim 12) In the engine exhaust purifying device described in G arni 10, an 
engine exhaust purifying device characterized in that the aforementioned bearing 
means involve hearing by means of heat stored in a heai-regenerating material, 
(Claim 13) An automobile characterized in that it is fitted with an engine exhaust 
purifying device as described in any one of Claims 1—12. 

(Claim 14) A cogeneratkm system characterized in that it is fitted with an engine 
exhaust purifying device as described in any one of Claims 1-12. 

(Detailed Description of the Invention) 
(0001) 

(Industrial Field of the Invention) The present invention relates to a device 
wherein an adsorbent is provided on the upstream side of an exhaust-purifying 
catalyst provided in the exhaust passage of an engine, and it c oncerns an engin e 
ghangporifying device suitable for promoting t emp e ratu re rise in the exhaust- 
purifying catalyst such that it reaches its operating temperature, Furthermore, it also 
Offp^^T an anmmobDc or a cogeneration system using this device. 
(0002) 

(Prior Art) In conventional engine exhaust purifying devices, usually, a catalyst is 
provided in the engine exhaust passage to purify the exhaust gas* However, catalysts 
do not wodc effectively until they reach a temperature of approximately 300°Cor 
above, and this means that directly after the engine is started, in other wozds, when 
the exhaust gas temperature is low, the exhaust gas cannot be adequately purified. On 
the other hand, directly after the engine is started, the engine temperature is low and 
large quantities of unburn! hydrocarbons are discharged. Therefore, methods whereby 
vmburnt hydrocarbons are initially adsorbed by means of an adsorbent and then 
desorbed and purified by a catalyst when the exhaust temperature has risen, have been 
disclosed (see LaidOpen Utility Model [Tikkm] No. S6O-190923. I^rid-Open Patent 
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190923, Laid-Open Patent Application fTokkaf} No. 63-68713. Laki-Open Patent 
Application \TokJtail No. 2-75327, and Laid-Open Patent Apparition ITotJuu] No. 2- 
1 35 126). However, the catalyst temperature most be 300*0 or above in order to 
purify die desorbed onbumt hydrocarbons. Therefore, it depends on the positional 
nOatianshipctftte and although a desorption teinperarare 

at die adsorben t of at least 300°C or above, or a temperature beyond this, is 
demanded, in fact, even with adsorbents where adsorption occurs at 300°C or above, 
tfris means thai the peak adsorption temperature is 300*0 or above, and adsorption 
also occurs at tcanperatmes below 

application. In other words, since die engine itself is cold immediately after it is 
started, fuel adheres Co the air inlets and cylinder walls, and combustion is 
incomplete. At the same time, it is necessary to introduce air containing excess fuel in 
order to start smoothly. Consequently, a large quantity of unburnt hydrocarbons will 
be contained in the exhaust gas. Furthermore, immediately after starting die engine, 
the e?diaiist-purifyirig catalyst (commonly called a ternary catalyst) will not be 
warmed up either, and with the catalyst terapexamre below 300°C> which is its 
operating temperature, no purification action will be evident. Therefore, the unburnt 
Irydrocarbons emitted in the first two minutes after starting the engine account for a 
large piuporiion of the total amount of unburnt hydrocarbons rrrtirrpd during a 
journey. On the other hand, automobile exhaust gas restrictions are due to be further 
tightened, and to meet these, it will be necessary to purify the unburnt hydrocarbons 
conned immediately after starting the engine. Therefore, by providing an adsorbent 
<m the upstream side of a conventional catalyst, initially adsorbing in an adsorbent 
the unburnt hydrocarbons emitted immediately after starting the engine, and then 
allowing the unbornt hydrocarbons to be desorbed once the catalyst reaches its 
ope rating temperature as the engine warms up and the exhaust gas rises in 
teznperamre, then it is possible to reduce the total emission of unburnt hydrocarbons 
simply by adding an adsorbent to a conve n tio n al system. 

(0003) However, when the unburnt hydrocarbons emirtrd immediately after starting 
tne engine are desorbed fr o m the adsorbent, if the temperature of the cxhaxtst- 
purifying catalyst has not reached its activation temperature, the unburnt 
hydrocarbons will be released into the atmosphere without purification. Examining 
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the characteristics of hydrocarbon desorprion from adsorbents, there is a wide 
desorprion temperature range (for example, approximately 100°C) f and so even if the 
peak temperature is 300°C for example, desorptxon will in fact start at 250°CL 
Consequently, at the temperature where the hydrocarbons stmt to desorb fiom the 
adsorbent, the exhaust-purifying catalyst must be heated up to its activation 
teayeraterc. Hearing of the exhatm -purifying catalyst by means of the temperature 
rise in the exhaust gas alone is not sufficient for this purpose. 
(0004) 

(Problem that the Invention Aims to Solve) 

m conventional engine exhaust purifying devices, mere has been the problem that 
even if an adsorbent is provided in the engine exhaust passage to adsorb nnhnmt 
hydrocarbons, these unburnt hydrocarbons desorb before the catalyst reaches its 
activation temperature. Therefore, me catalyst should be heated to its activation 
temperature by the time the unburnt hydrocarbons desorb from the adsorbent. Since 
the adsorbent adsorbs hydrocarbons, bat does not adsorb carbon monoxide, the 
carbon monoxide passed by the adsorbent should be burnt by the catalyst and used to 
heat the catalyst . Carbon monoxide has a low ignition t erngj j aime in catalytic 
combustion co mpa r e d to hydrocarbons, a nd using a ca talyst, combustion can even 
scut at ox below 0°Q Furthermore, since exhaust gas contains carbon >™»ifrx i<fe in 
q mnriries o n e or two o rders nftrw^^vU f ^^^^mt hydjocaxb &os, the amount of 
hcatjjgmaated by gmbrarjpnjpfto is greater than that produced if 

combustion of die hydrocarbons is usedL 

An object of the present invention is to provide an engine exhaust purifying 



device whereby a catalyst can be heated rapidly to its activation terxnxsrarure by heat 
from catalytic combustion of carbon monoxide, before hydrocarbons are absorbed 
from an adsorbent, thereby enahlmg hydrocarbons to be p^ 

hydrocarbons discharged externally to be reduced, IhinherTnore. a further object is to 
inovideanaunmKibileamlacity energy «>generarion system usmg this device. 
(0006) 

(Means for Solving me Problem) In order to achieve the aforementioned objects, 
m an cngme exhaust purifym an exhaxist-puiifying catalyst is 

provided in the exhaust passage of an engine and an adsorbent is provided on the 
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tn^stream site of the said e^ 

<kvke relating to the present invention is consulted such dint a catalyst having high 
carbon monoxide combustion actrvity is provided bem^ 

exhaust-purifying catalyst and the aforementioned adsorbent, and carbon monoxide is 
burnt by the aforementioned catalyst having high carbon monoxide combustion 
activity, promoting temperature rise in the aforementioned cxhmist-purifying catalyst 
and causing it to reach its activation tenrperatnrc- 

(0007) Furthermore, it may also be cons ritn^ sn^ that a catalyst having high 
carbon monoxide combustion activity is contained in the aforetnentioncd exhaust- 
Purifying catalyst. 
(000^ Moreover; it may al» 

npstrcam side of the aforementioned exhanst-puirfyriig catalyst is a catalyst having 
high carbon rrtcfs o*^ ^ combustion activity. 

(0009) Furthermore, it may also be constituted such that the aforementioned exhauSt- 
purifyrng catalyst has a multi-layer structure whereby a layer of a catalyst having high 
carbon monoxide combustion activity is provided in a parallel direction to the exhaust 
flow. 

(0010) Moreover, it may also be constituted such that an air supply device is provided 
on die upstream side of the aforementioned catalyst having high carbon m o noxid e 
combustion activity, and air causing the carbon monoxide to oxidize is supplied by 
means of the said air supply device. 

(0011) Furthermore, it may also be constituted sudh that the aforementioned air 
supply device is provided on the upstream side of the adsorbent 

(0012) Moreover, it may also be constituted such drat a carbon monoxide sensor and 
an oxygen sensor are provided on the upstream side of the aforaneiitioned catalyst 
having high carbon monoxide combustion activity, and oxygen is supplied to the 
aforementioned catalyst having high carbon rrK>noxide combustion activity in 
response to signals from these sensors. 

(0013) Furthermore, it may also be constituted such that an oxygen sensor is provided 
on the downstream side of the aforementioned catalyst having high carbon monoxide 
combustion activity, and oxygen is supplied to the aforementioned catalyst having 
high carbon monoxide combustion activity in response to signals for the said oxygen 
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(0014) Moreover, it may also be constituted such that, until the aforementioned 
exhaust-purifying catalyst reaches its activation temperature, the air-fuel ratio in the 
engine air supply is controlled such that it is fuel rich to raise the carbon monoxide 
concentration in the exhaust gas, thereby increasing the carbon monoxide combustion 
heat of tbe catalyst having high carbon monoxide combustion activity and short enin g 
die rime taken for the exhaust-purifying catalyst to reach its activation temperature* 
(00 1 5) Furthermore, it may also be constituted such that the aforementioned catalyst 
having high carbon monoxide combustion activity is provided with hearing means, 
and the aforementioned catalyst having high carbon monoxide combustion activity is 
heated by the aforementioned heating means until the temperature at which carbon 
mmnrirt* wwifmsrinn c tmmimre s. 

(00 1 6) Moreover, it may also be constituted such that the aforementioned heating 
means involve electrical heating. 

(0017) T*pw p%er V n nr*» it may also he constitute d such that the aforementioned heating 
means involve heating by rrKans of heat stored in beat-regenerating material, 

(001 8) Moreover, it may also be constituted such that a car is fitted with an engine 
exhaust purifying device as described in any one of Claims 1—12. 

(0019) Furthermore, it may also be constituted such a cogenexahon system is fitted 
with an engine exhaust purifying device as described in any one of Claims 1—12. 
(0020) 

(Action) By means of the present invention, when engine exhaust gas passes 
through the adsorbent, hydrocarbons are removed by adsorption, carbon monoxide 
which passes on without being adsorbed is burnt by a catalyst having high carbon 
nwMy^dc combustion activity, and this combustion heat raises the temperature of the 
catalysL Carbon monoxide is contained in the exhaust gas in larger quantity than 
hydrocarbons, and it also ff? '»f T atPS greater combustion heat. Furthermore, since the 
tempoaxure at which the carbon monoxide starts to combust is lower than for 
hydrocarbons, its combustion starts readily. In structural terms, the catalyst having 
high carbon «wpotirfg combustion activity is positioned downstream from the 
adsorbent, and the carbon monoxide combusts here. Thereby, the exhaust gas 
temperature is raised and it becomes easier to purify the hydrocarbons by means of 
the exhaust-purifying catalyst. Furthermore, by adding the catalyst ha ving high 
carbon monoxide combustion activity to the exhaust upstream portion of the exhaust- 
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purifying catalyst, not only is the exhaust gas temperature raised, but also heating of 
the exhaust-purifying catalysi is promoted by means of thermal conduction. 
Similarl y, if the catalyst having high carbon monoxide combustion activity is mixed 
with, or arranged in parallel with, the exhaust-purifying catalyst, heating of the 
exhaust-purifying catalyst is efficiently promoted by means of thermal conduction. 

(0021) Furthermore, it is desirable to supply air in the exhaust gas so that the carbon 
monoxide combusts efficiently at the catalyst, and ideally, the volume of air supplied 
should be controlled by detecting the carbon monoxide concentration in the exhaust 
gas. However, by providing an oxygen sensor on the downstream side of the catalyst 
having high carbon monoxide combustion activity and detecting the oxygen 
concentration in the exhaust gas at the catalyst outlet, the oxygen can be controlled so 
that a certain am o un t of oxygen is contained after combustion. Furthermore, the 
supply of air must be implemented from immediately after starting the eagme until 
desofptkni of the hydrocarbons adsorbed in the ad so rbe nt is completed. By doing this, 
it becomes possible to burn and purify both the carbon rnonoxide and the desorbed 
h yd roc ar bons with good efficiency. 

(0022) An air supply devi ce should be located on the upstrea m side of the catalyst 
having high carbon monoxide combustion activity. Moreover, more desirably, it 
should be incntfd cxi die upstream side of the adsorbent. This is because the adsorbent 
itself may have some combustion activity, in which case, by supplying air to the 
upstream side of the adsorbent, it is possible to bum and purify a portion of the 
hydrocarbons at the adsorbent when they are desorbedL Furthermore, it also improves 
the mixture of air and exhaust gas. 

(0023) 

(^Embodiment) Bmbcxlimenx 1 of the present invention is described with reference to 
Fig.1- 

(0024) As shown in Fig.l. a ternary catalyst 4 (1.0 Hrxe volume) as generally used in 
automobiles as an exhaust-purifying catalyst was placed in the exhaust passage Z of a 
gasoline engine 1, an adsorbent 3 was placed upstream therefrom, and a catalyst 5 
having high carbon monoxide combustion activity was placed between the exhaust- 
purifying catalyst and the adsorbent. The adsorbent was manufactured by m ixi n g 
alurrnnazol and water with an H-type rnordenite to form a slurry, and then coating 
this onto a [cordelite] [*] monolith carrier (1.0 litre volume, 400 cells/in 2 ). After 
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coating, it was dried for one hour at 100°C. and then sintered far three hoars at 
500°C- The coating, drying and sintering processes were repeated until the H-type 
mardenite in total formed 140 g/Ktie. The catalyst having high carbon monoxide 
combustion activity was manufactured by coating an alnnrina catalyst supported with 
OSwt% palladium omo a [OTdcOitc*) monolith carrier (0.2 litre volume, 400 
cells/in*). After coating, it was dried fox one hour at 100°C and ihen sintered for two 
hours at700°C._Thc coating., drying and sintering processes were repeated until die 
coating volume was 20 wt%- 

([♦] NOTTS: suggested translation for unknown material name: ~kojeraito~ - 
TRANS.) 

(0025) Furthermore, an air supply device 6 was connected to the upstream side of the 
adsorbent via a variaHe-flow control 

exhaust passage at the outlet of the catalyst having high carbon monoxide combustion 
activity, ami an oxygen sensor 9 was installed at die [siie of d^] adsorbent. Signals 
from temperature sensor 9 and oxygen sensor 8, and the exhaust gas flow-rate as 
calculated from the engine revolutions were input to control unit 10. such that sir 
supply device 6 could be controlled on the basis of these signals. When the adsorbent 
temperature is ai or above the temperature where *e unburnt hydrocarbons are 
completely desorbed. the air supply device is halted and the air-fuel ratio in the 
engine air supply is controlled in accordance with the signal from oxygen sensor 8. 

(0026) In the present embodiment, the catalyst temperature was raised to its 
activation temperature and above by the combustion beat of the carbon monoxide, 
before the nnbnmt hydrocarbons started to desorb tran the adsorbent. When 
hy d rocarbon adsorption capacity was evaluated for a variety of adsorbents, it was 
found thai there was virtually no adsorption of carbon monoxide with adsorbents - 
having a ha gb adsorption capacity for hy d rocarbons. Furthermore* considering that 
the concentration of carbon monoxide in the exhaust gas is one to two orders of 
magnitude greater than the hydrocarbous, and rhe combustion heat of carbon 
monoxide is approximately one fifth that of hydrocarbons, a sufficient thermal output 
can be expected. Th e r efo re , if th e cjtalystcan be heated by the combumon heat of 
carbon monoxide that has passed through the adsorbent, then it is possible to raise die 
temperature of the catalyst to its activation temperature withou t wailing f or die 
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cdwast gas temperature to rise, and it was thought that despite the feet that the 
catalyst is downstream fiom in* adsorbent, the catalyst temperatate could stiU be 
raised above the adsorbent temperat u r e , fa. tgder to burn the carbon monoxide ax low 
ternrxyatures. it is necessary to provide a catalyst having excellent carbon monoxide 
combustion activity on the downstream side of the adsorbent. This is because 
although conventional ternary catalysts themselves have carbon mcoooride 
combustion activity, since they also perform purification of hydrocarbons and 
nitrogen oxides, their initial combustion temperature for carbon monoxide is high 
compared to standard catalysts designed specially for carbon rxKmoxide combustion. 
Furthermore, sufficient oxygen is required for carbon mono xid e combustion to 
proceed efficiently, and at the least, an air supply device must be provided on the 
upstream side of the catalyst having Mgh carbon monoxide combustion activity. 
Moreover, to control the supplied air volume and make the air supply device operate 
efficiency, it is desirab^ 

in the exhaust passage. However, whilst oxygen sensors are curwtty beiiig fitted to 

mrr « example of a carbon monoxide sensor being fitted. 

Therefore, a method ste^ 

is estimated from the air-fuel ratio of the air supply to the engine, the engine 
temperature, the engme revolrmons. ar^ 

controlled in accordance with the oxygen concentration in the exhaust gas, or a 
method whereby a sensor is placed downstream from the catalyst havm^ 
monoxide combustion activity and air is supplied such that unreacted oxygen is 
always observed an the downstream side. 

(0Q27) Ftcthexmore, although the carbon monoxide concentration in the exhaust gas 
is a high value (appaxwdmatcly 6%) immediately after die engine is started, later it 
falls to roughly i* ArenrrHnp;lv T in order to promote hearing of fej^ajystby 
means of carbon monoxide combusti on, it is desirable for the air-fael : g fi oj a _! h £g r , 
supply to be kept fuel rich to maintain a high concentration of carbon nx ^xkte in 
ihe exhaust gas until the catalyst temperature is sufficient. Standard air-fuel ratio 
control is conducted in accordance with the output from the oxygen sensor to keep the 
carbon monoxide concentration high. If an srir supply device is positioned upstream 
from the catalyst to supply air, it is desirable for the air supply device to be located on 
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the upstream side of the adsorbent* in order to produce a uniform mixture of exhaust 
gas and air. 

(0028) Among catalysts showing activity in carbon monoxide combustion, catalysts 
which are active even below 0°C are known, but in cases where, due to problems of 
t hgrmali esi stance, toxicity, or the like, a material with a high initial combustion 
tcmperarure (for example* around 150°Q has to be used, this catalyst must be heated 
and its temperature raised at least to the initial combustion temperature. One method 
far this is heating by means of electricity or heat regeneration. In this case, the 
heating should raise the catalyst temperature to the initial combustion temperature for 
carbon monoxide, and when compared to hearing the catalyst by electricity or heat . 
regeneration alone, this method is preferable as it uses less energy. 

(0029) Embodiment 2 of the present invention is now described with reference to 
Fig-2. 

(0030) As shown in Hg-2» the point of difference £rom Embodiment 1 is the tact that 
a catalyst 5 having high carbon monoxide combustion activity is placed at the exhaust 
outlet of the enchansr-pcrifying catalyst. The structure of this exhaust-purifying 
catalyst 11 is shown in Fjg3. The catalyst 5 having high carbon monoxide 
combustion activity is provided at the exhaust inlet in Fig 3. a part from which it is a 
Standard ternary catalyst 4. The volume of the catalyst having high carbon monoxide 
combustion activity is 0~2 Hoe. and the volume of the ternary catalyst is 0.8 litre* 
making a total volume of 1.0 litre. The catalyst having high carbon monoxide 
combustion activity was prepared following the same method as in Fmhorfirnrnt 1. In 
this case, an oxygen sensor 8 is placed on the up s tream side of the catalyst having 
high carbon monoxide combustion activity and on the basis of its signal, an air supply 
device 6 and a variable-flow control valve 7 are controlled such that sufficient oxygen 
is contained in the exhaust gas. In this case also, the air supply device is halted when 
the adsorbent temperaurre reaches the temperature where deaorptxon of the unburnt 
hydrocarbons is completed, and the air-fuel ratio of the engine air supply is controlled 
on the basis of the signal from oxygen sensor 8. 

(0031) Embodiment 3 of the present invention is now described. 

(0032) Using the device according to Emb o dime nt 2 shown in Rg-2, a different 
exhanst-^urifying catalyst 11 to that in Embodiment 2 was employed. Specifically, as 
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shown in Hg.4. the catalyst used was prepared by noixmg togemer a tertiary catalyst 
powder and a catalyst having high carbon monoxide combustion activity and coating 
this mixture onto a [cordelite] monolith earner (1.0 litre volume. 400 celis/io 3 ). The 
preparation method and catalyst powder were the same as in Embodiment 1. 
Furthermore, the other conditions were the same as in Embodiment 2. A fourth 
embodiment of the present invention is now described. 

(0033) Using the device accotdiflgtoEiiibodixx]em2 shown in Hg^, a different 
exhaust-purifying catalyst 11 to thai in Embodiments 2 and 3 was employed. 
Specifically, as shown in FigJS. a catalyst having high carbon monoxide combustion 
activity was coated in 100 cell unit bands onto a [coidefitej monolith carrier (l.O litre 
volume, 400 cells/m*), which also provided an exhaust-purifying catalyst at equal 
intt^vals. The other cells were coating with a standard ternary catalyst powder. In this 
case, the total volume of cells coated wim catalyst havmgM 
combustion activity was 0-1 fine. 

flyyiA) Eaftodinient * «f the present invention is now described with , *fwaco to 
Hg.6. 

(0035) AsshownmFig-6.thepomtof 

oxyge* sensor 8 and a carbon monoxide sensor 12 are provided between an adsorbent 
3 and a catalyst 5 having high carbon monoxide combustion activity. The supplied air 
volume was controfled using these sensors. Specifically, the carbon monoxide 
concentrarion and oxygen concerirration were detected and air was supplied such duu 
the oxygen concentration was always sufficient for the carbon monoxide to be burnt 
completely. Since the carbon monoxide must be burnt, excess air was supplied at all 
times bearing the carbon monoxide ratio in mind. 
(0036}EmrjodimeW 

(0037) Using the same device as in Embodiment 1 shown in Fig.1. for one minute 
after starting the engine, the carbon monoxide concentration in the exhaust gas was- 
kept at 3% or above by maintaining a fuel-rich air-fuel ratio in the engine air supply. 
Undo- normal control, immediately after starting the engine, the concentration of 
carbon monoxide in the exhaust gas reaches approximately 6%. but after about 20 
seconds, it falls to around 1%. This level was lo^t at 3% or above by 
air -fuel ratio. Other controls were the same as in Embodiment 1 . 
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(0038) Embodiment 7 of the present invention is now described with refere nce to 
Kg.7. 

(0039) As shown in Fig/7, the point of difference from Embodimeoi 1 is the fact thai 
the catalyst 5 having high carbon monoxide combustion activity can be heated by 
electricity. Catalyst 5 is electrically heated by means of a power source 13. The power 
source is connected to a control unit 10, and furthermore, a temperature sensor 9* is 
located at the catalyst 5 having high carbon monoxide combustion activity. When the 
temperature of the catalyst 5 having high carbon monoxide combustion activity is 
lower than the carbon monoxide combustion starting temperature, current from the 
power so ur c e is passed through a heater mounted in the catalyst, and the tem p era ture 
is raised to the carbon monoxide combustion starting tecrpenttnte. Apart from this 
heating of me catalyst 5 having high carbon monoxide combustion activity, it is the 
ftnTTn» as Embodiment 1* 

(0040) Embodiment & of the present invention is now described with reference to 
Rg-8- 

(0041) As shown in Fig.S, the point of difference from Embodiment 1 is the fact that 
a heat-i^eneranng material 14 is provided at the catalyst 5 having high carbon 
monoxide combustioci activity- Calcium oxide (CaO) is used as the heat-regenerating 
mate rial 14. and when the catalyst temperature is to be raised, water is added to the 
CflifiTun oxide, and the reaction heai from its conversion to calcium hydroxide 
(Ga(OH)2)is used. During normal running of the engine, namely, when the catalyst 
temperature is high, the calcium hydroxide reverts to calcium oxide, and therefore it 
can be used again for raising the catalyst temperature* Control is effected by detecting 
the catalyst temperature by means of a temperature sensor 9* provided at the catalyst 
having high carbon monoxide combustion activity, and supplying water to the heat- 
regenerating material 14 by means of a water supply device 15 when the catalyst 
t emp erature is below the c a rb on monoxide combustion starring temperature. The 
amount of water added is calculated from the temperature rise required by control 
unit 10* which controls the water supply device. 

(0042) Moreover, whilst chemical reaction heat is used for the heat-regenerating 
material in the present embodiment, it is also possible to use the latent heat from 
materials with a large thermal capacity, or solid-liquid phase changes, or the like. In 
this case, heat is stored in the heat-regenerating mRferial when the catalyst is hot. and 
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heal loss is prevented so that heal emission when the engine is off is a minimum, thus 
s uppr e s sing a fall in the catalyst temperature so that the catalyst temperature is still 
high when the engine is restarted. 

(0043) Forthern xwe, since the combustion starting temperature for carbon monoxide 
varies depending on the catalyst, it is sometimes nec es sa r y, depending on the catalyst, 
for the catalyst having high c ar b on monoxide combustion activity to be beared, and in 
this case* electricity ox heat regeneration may be used. The energy supplied is low 
comp a r ed to when electricity or heat regeneration alone are used to heat the catalyst. 

(0044) As Comparative Example 1, the catalyst having nigh carbon monoxid e 
combustion activity 5 was removed from the device according to Embodiment 1 
shown in Fig. 1 . and the device was controlled in the same way as in Embodimen t 1 . 

(0045) Thereupon, in order to compare the exhaust purification performance of the 
engine exhanst purifying devices described in Embodiments 1 to 8 and Comparative 
Example 1, cold start experiments were conducted using an engine bench. 
Specifically, using an engine which bad been left far at least 12 hours or more since 
last stopping, the engine was started, idled* accelerated and run at 60 km/h*, and the 
unburn* hydrocarbons emitted were analyzed. By comparing the total amount of 
unburn! hydrocarbons emitted during the expe riment; the en g i ne purification 
performance of the engine exhaust purification systems was evaluated- The results are 
shown in FigA The vertical axis of this graph shows respective values when the anal 
nnb om t hydrocarbon emissions in the case of Comparative Example 1 is taken as 1. It 
can be srrn that the total hydrocarbon emissions in the embodiments are lower than in 
Comparative Example 1. It appears that purification efficiency is raised when a 
catalyst having high carbon monoxide combustion activity is provided. 

(0046) Furthermore, in the foregoing, the combustion of carbon monoxide in 
particular was explained and a catalyst having high carbon monoxide combustion 
activity was described as the catalyst, but in fact it is desirable far it also to have high 
hydrocarbon combustion activity. This is because, thereby, combustion heat not only 
from carbon monoxide, but also from hydrocarbons that pass through without being 
adso rbed, can be used to heat the catalyst. Furthermore, in the embodiments, a 
[cordelite] monolith carrier is used, but a metal monolith carrier may also be used, 
and because of the high thermal conductivity, this brings even greater advantages. 
(0047) 
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(Advantages of the Invention) According to the engine exhaust purifying 

device of the present invention, un burnt hydrocarbons emitted in large quantities 
upon engine start-up are adsorbed in an adsorbent, carbon monoxide which passes 
through without being adsorbed is burnt by means of a catalyst having high carbon 
monoxide combustion activity, thereby promoting temperature rise in an exhaost- 
pnrifymg catalyst, and the exhaust-purifying catalyst reaches a temperature at or 
above its activation ternperatare by the time the unburnt hydrocarbons start to desorb 
from the adsorbent. Thereby, it is possible to reduce the amount of hydrocarbons 
carrirfpyf into the atmosphere* 



(Brief Description of the Drawings) 

CRjB-1) A cornpc«irional diagram showing Embodiment 1 of the present invention. 
(Fig*2) A conniositkHial diagram showing Ernfcdirnent 2 of the present invention. 
(Fig3) A diagram showing the principal elements of Fig.2. 

(Kg.4) A diagram showing a further embodiment of the principal el e ments of FigJZ, 
O^g-5) A diagram showing a further embodiment of the principal elements of Fig.2. 
(Fig.6) A compositional diagram showing Enibcdrment 5 of the present in verruon. 
CFIg*7) A compositional diagram showing Embodiment 7 of the present mventioa. 
(Fig£) A c^mpoational diagram showing Embodiment 8 of the present invention. 
(Figi>) A diagram showing a comparison between the respective embodirnents of the 
present invention and a comparative example. 

(Description of the Symbols) 
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petrol engine 


2 


exhaust passage 


3 


adsorbent 


4 


exhaust-purifying catalyst 


5 


catalyst having high carbon monoxide combustion activity 


6 


air supply device 


7 


variable-flow control valve 


8 


oxygen sensor 


9 


temperature sensor 


9* 


temperature sensor 
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10 control unit 

1 1 exhanst-ptnifying catalyst coirtaining catalyst having high carbon monoxide 

combustion activity 

12 carbon monoxide sensor 

13 power source 

14 heal regenerating materi al 

15 water supply device 
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Embodiment 2 
Embodiment 3 
Embodiment 4 
Embodiment5 
Embodiment 6 
Em bo dime n t 7 
Embodiment 8 
Comparative Example 1 
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